Background
Gallstone disease has a high prevalence rate of 10-15% in adults in the USA and Europe, but is lower in Asia (about 3-15%) [1] [2] [3] [4] [5] [6] . However, the incidence of cholesterol gallstone in China has shown an increasing tendency in the past few decades [7] . It is generally accepted that lithogenic gallbladder bile, gallbladder and liver play important roles in cholesterol gallstone formation. Several low molecular weight calcium binding glycoproteins isolated from bile are involved in gallstone formation as the pro-nucleating or anti-nucleating factors [8, 9] .
Osteopontin (OPN) is an acidic extracellular matrix glycoprotein present in several human organs and body fluids [10] [11] [12] [13] . It possesses a characteristic RGD (Arg-Gly-Asp) sequence and the calcium binding property [14] and exerts many of its biological effects by interacting with integrins [15] . OPN is involved in the metabolism of calcium, an important factor in gallstone formation; moreover, previous reports showed that OPN is involved in pigment gallstone formation [16, 17] . However, the exact role of OPN and its receptor integrin av in the pathogenesis of cholesterol gallstone remains unknown.
In this study, the role of osteopontin and its receptor integrin av in gallstone formation were investigated by using human specimens and an animal model. Immunohistochemical staining of OPN and integrin av were performed with patients' and control gallbladders, and the messenger ribonucleic acid (mRNA) and protein expressions of OPN and integrin av were analyzed using reverse transcriptase polymerase chain reaction (RT-PCR) and Western blotting, respectively. Furthermore, the mRNA of OPN was analyzed in gallbladder and liver tissues in guinea pigs fed a lithogenic diet. These results will help determine the involvement of OPN in gallstone formation and provide a potential target for gallstone prevention and treatment.
Material and Methods

Human tissues and biological samples
Gallstone patients scheduled for elective cholecystectomy were included in this study (trial group) and were divided into 2 sub-groups based on their pathological changes: Group I (10 females and 7 males) with normal epithelia (little or no degeneration or desquamation and without fibrosis in gallbladder wall) and Group II (5 females and 5 males) with pathological epithelia (remarkable degenerated, desquamation and fibrosis in gallbladder wall). All gallstone specimens were classified as cholesterol gallstone since all the stones contained over 65% cholesterol.
As the control group, 15 specimens were acquired from liver transplantation donors (9 males and 6 females) who presented no evidence of gallstone via ultrasonography and no cholesterol crystals via polarizing microscopy. The demographic data were comparable between the cases and control groups ( Table 1 ). The bile samples were obtained according to the method of Strasberg [18] , 2 ml of bile samples were extracted according to the methods of Bligh and Dyer [19] and stored at -70°C until further analysis, and the gallbladder tissue samples were clipped under aseptic conditions with surgical scissors, flushed with phosphatebuffered saline (PBS, pH 7.4), and stored in liquid nitrogen until RT-PCR and Western blot analyses. Partial gallbladder samples were fixed with 4% paraformaldehyde for immunohistochemical analysis.
None of the patients or controls had shown any clinical or laboratory evidence for diabetes mellitus, hyperlipoproteinemia, obesity, alcohol abuse, cancer or others conditions that could affect the function of the liver or kidneys. In addition, none of them took any medications known to affect lipid metabolism. Histological examination of removed gallbladders revealed no acute inflammation. Blood and bile samples were collected from the case and control groups. Two milliliters of peripheral vein blood was drawn and stored at -70°C for further analysis. This study was conducted in accordance with the principles of the Helsinki Declaration and the protocol was approved by the Ethics Committee of Huashan Hospital, Fudan University. Informed consent was obtained from each patient before the operation.
Immunohistochemical staining for OPN and integrin av
Immunohistochemical staining was performed as described previously [20] . All gallbladder samples were fixed in 4% paraformaldehyde, embedded in paraffin, and sectioned at 4 µm thickness. Immunohistological staining of OPN and integrin av was performed using the Vectastain ABC kit (Vector Laboratories, Burlingame, CA, USA) according to the manufacturer's protocol. Briefly, tissue sections were deparaffinized and rehydrated. Endogenous peroxidase activity was blocked by immersing the sections in 3% H 2 Continuous variables are expressed as mean ± standard deviation and percentages are rounded to whole number.
at room temperature, the reaction with the primary antibody (monoclonal antibody against human and mouse OPN and integrin av, 1:100) was carried out at 4°C overnight, followed by incubation with streptavidin-peroxidase complex [21] . Peroxidase conjugates were subsequently visualized in diaminobenzidine solution. The preparations were lightly counterstained with hematoxylin, mounted with Permount, and examined by light microscopy [22] .
Reverse transcriptase-PCR Analysis
The mRNA expression of OPN and integrin av was studied by a semi-quantitative RT-PCR analysis (RNA PCR kit; Takara, Tokyo, Japan) as described previously [23] . Total RNA was isolated from 100 mg of gallbladder tissue with Trizol (Invitrogen, Carlsbad, California, USA), following the manufacturer's instructions [24] . The total RNA (2 µl) was employed to generate first strand complementary deoxyribonucleic acid (cDNA) with Oligo (dT) 18 primers and the M-MLV reverse transcriptase (Promega, USA). Two µl of the RT reaction production product was subsequently used for the RNA reaction. The primer sequences used are listed in Table 2 . The PCR conditions included 94°C for 5 min, 30 cycles at 94°C for 45s, 56°C for 30s, and 72°C for 1 min, and a final extension at 72C for 5 min. PCR products were visualized on a 1.5% agarose gel. Glyceraldehyde phosphate dehydrogenase (GAPDH) gene was used as an internal control of the analysis of gene expression.
Western blot analysis
Western blot analysis was performed as described previously [25] . The frozen tissue samples were homogenized in lysis buffer containing 50 mM Tris-HCl (pH 7.4), 50 mM sodium chloride, 1% Triton X-100, and 1 mM EDTA, and 100 µg/mL phenylmethylsulfonyl fluoride. The homogenates were centrifuged at 15 000 g for 10 min at 4°C. Protein concentration in the supernatant was determined by the Lowry method [26] . The protein samples were separated by sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) and transferred onto polyvinylidene difluoride membranes (Amersham Biosciences, Piscataway, USA) by electroblotting. The membranes were blocked with 5% non-fat dried milk for 30 min at room temperature, incubated with affinity-purified anti-osteopontin and anti-integrin av (1:1000, Abcam, Cambridge, UK) at 4°C for 24 h, and then incubated with HRP-rabbit antimouse IgG (1:5000) for 1 h. The membranes were developed using a substrate kit (Pierce, Rockford, USA) for 5 min. For semi-quantification of the protein expression levels, the intensity of the detected bands was quantified by using the software Smartview 2001 (Shanghai Furi Science & Technology Co. Ltd., China), using GAPDH as an internal control.
Analysis of nucleation time (NT)
The NT was defined as the onset time of the first cholesterol monohydrated crystal detected through polarized light microscopy. The thawed bile samples were mixed thoroughly, and NT was determined by the method of Holan et al. [27] with minor modifications [28] . Bacteria have not been observed in all samples. Then 10 µl of 20% sodium azide was added to 1 ml of bile, and 1 drop of bile was immediately used for examination of cholesterol crystals. OPN (Sigma Chemical Co., USA) was dissolved in Tris buffer to obtain appropriate concentrations, and then added in aliquots of 12.5 µl to the bile samples of 1 ml. Thereafter, the samples were flushed with nitrogen, sealed and incubated at 37°C. We obtained the NT values for the 4 groups of human gallbladder bile samples in vitro and the final concentrations and conditions were as follows: Tris-HCl (10 mM, pH 7.40) as the control group, OPN (100 µg/ml), calcium ions (10 mM), and OPN (100 µg/ml) + calcium ions (10 mM).
Statistical analysis
Data are expressed as mean ±SD. Comparisons of values among groups were made using the one-way analysis of variance (ANOVA) methods (SPSS, Chicago, IL, USA) followed with SNK-test [29] . Statistical significance was set at P<0.05. Reverse GTA CTC CTG CTT GCT GAT CC Table 2 . PCR primer used in the study. and randomized into 2 groups. Animals in the lithogenic group were fed a lithogenic diet containing 1.2% cholesterol and 0.5% cholic acid as described by Reihner et al. [30] . Three to 5 animals were killed under ether anesthesia on days 7, 14, 28, 42, 56 and 70 after starting the diet. The control animals were fed with standard chow and killed on the same days. The gallbladder and hepatic tissues were removed as described previously [31] and stored in liquid nitrogen for subsequent use. Gallbladder bile and sera were collected as described previously [32] and stored at -70°C until analysis. The animal care and use protocol was approved by the Animal Care and Use Committee of Fudan University.
Animal model and assays
Lithogenic guinea pig model of gallstone
RT-PCR
RT-PCR was used to evaluate the change in OPN mRNA over time in experimental animals. The RNA isolation and RT-PCR assay were analyzed as previously described [33] . Experiments were performed in duplicates and the mRNA expression was normalized to that of b-actin. The primers are listed in Table 2 .
OPN concentration in bile and blood samples
Commercial enzyme-linked immunosorbent assay (ELISA) kits (R&D Systems, Inc. Minneapolis, USA) were used for the analysis of the concentrations of OPN in bile and sera of guinea pigs.
Statistic Analysis
Data are presented as mean ± standard deviation. The statistical analyses included one-way ANOVA and the Student's T test (two-tailed). A p-value of <0.05 was considered statistically significant.
results
Immunohistochemistry staining for OPN and integrin av in gallbladders from patients and controls
The OPN and integrin av exhibited a weak and diffuse immunoreactivity in gallbladder epithelial cells and smooth muscle cells from the controls, who were liver transplantation donors. The immunohistochemical staining of OPN ( Figure 1A ) and integrin av ( Figure 1B) were also examined in cytoplasm of epithelial cells and smooth muscle cells in the control's gallbladder walls, and the focal and diffused OPN and integrin av staining were observed in epithelia.
In the gallstone patients, different levels of immunostaining were observed. In Group I, the immunostaining of OPN ( Figure 1C ) and integrin av ( Figure 1D ) in epithelial cells was intensive and strong when compared with controls ( Figure 1A, B) . The immunoreactivity in the periphery and basal region was more intense than that in the central region in specimens of Group I. Some positive staining of integrin av was observed in the cytoplasm of the macrophages ( Figure 1D ), and differential expression of OPN and integrin av revealed that subcellular configuration exerted the differential immunoreactivity for OPN.
In group II, immunoreactivity for OPN was relative weaker and diffused when compared with Group I and controls; the discontinuous punctiform positive expression was observed in epithelial cells and several degenerated cells ( Figure 1E ). Meanwhile, the immunostaining for integrin av showed lower expression in specimens of Group II; the weakly punctiform and linear positive expression was found in the basal epithelia and vacuoles changes in the gallbladder wall ( Figure 1F ).
The mRNA and protein expression of OPN and integrin av in human gallbladder
The amplified PCR products for OPN, integrin av and GAPDH were 436bp, 396bp and 450bp, respectively. The levels of the amplified mRNAs of OPN and integrin av in gallbladders are correlated with the immunostaining results. Compared with normal controls, the mRNA expression of OPN and integrin av was increased in gallbladder tissues in Group I (Figure 2A ), but markedly decreased in Group II ( Figure  2B ). Based on Western blotting, OPN and integrin av were shown in a single band at approximately 33kD and 116kD, respectively. Compared with normal tissues, the protein expression of OPN and integrin av was significantly elevated in Group I ( Figure 3A ) but decreased in Group II ( Figure 3B ).
NT in patients and normal controls
As shown in 
Guinea pig lithogenic model
In guinea pigs fed the control diet, no gallstone or cholesterol monohydrate crystals were detected. In the group fed a lithogenic diet, the gallbladder bile gradually changed to viscous and turbid from the 2 nd week, the first cholesterol monohydrate crystal was observed at the 6 th week (2/5) and the first macroscopically gallstone was observed at the 8 th week (4/6), and the gallstone and cholesterol crystals had developed in all gallbladders in the lithogenic guinea pigs at the 10 th week (12/12).
The mRNA expression of OPN in gallbladder and liver of guinea pigs
The PCR products for OPN and b-actin were 327bp and 211 bp, respectively. In the lithogenic diet fed group, the OPN mRNA was examined in the gallbladder tissue at the 4 th and 6 th week, and the highest OPN mRNA expression was examined at the 6 th week; it was not detected at the 1 st , 2 nd , 8 th or 10 th week ( Figure 4A ). The OPN mRNA was detected in liver tissue at the 6 th week only ( Figure 4B ). In the control group, the expression of OPN mRNA was very weak throughout the experimental period.
OPN content in bile and sera in guinea pigs
The changes in OPN contents in gallbladder bile in the lithogenic guinea pigs are illustrated in Figure 5A . Compared with controls, the OPN contents increased gradually from week 1 to week 6, peaked at week 6 (P=0.004 vs. control) and then decreased gradually, although the OPN contents were still higher than controls at week 8 (P=0.004 vs. control). At week 10 the OPN levels returned to baseline. We found the similar pattern of the changes in the OPN content in guinea pig sera ( Figure 5B ). The highest values of OPN were seen at week 4 (P=0.002 vs. control)
discussion
The pathogenesis of cholesterol gallstones appears to be multifactorial. Although OPN has been detected in normal human gallbladder tissue and gallbladder bile [10, 11] , the role of OPN in gallstone formation remains unknown. In the present study, we found that OPN had differential immunostaining in patients' gallbladders with different pathological changes; relative higher OPN expression was detected in gallbladder walls with normal epithelia (Group I). When gallbladders showed degeneration, fibrosis and atrophy (Group II), the immunostaining of OPN was weaker than the former. Moreover, integrin av, the receptor of OPN, showed a similar differential immunostaining distribution pattern as OPN. These immunoreactivities were observed in cytoplasm and the peripheral region epithelia and other cells; the different immunostaining patterns may correlate with pathological changes in the gallbladder. Furthermore, we found that OPN and integrin av displayed a similar change at the molecular level. Recently, Ichikawa et al. [34] demonstrated that the OPN level varied from sites of calculous gallbladder walls, suggesting that OPN plays a different role in gallstone formation. These findings suggest that the functional and structural changes in gallbladders could affect the secretion of OPN and its contents in gallbladder bile, which may be involved in gallstone formation through different pathways in different stage of gallstone disease. During the pathogenesis of gallstone formation, OPN may have biological effects through the OPN-integrin av pathway, which might be related to calcium [35] .
Calcium plays a key role in gallstone formation; the calcium binding protein OPN may be involved in gallstone formation through binding to calcium. Konikoff et al. [36] report that calcium ions and the anionic polypeptide fraction (APF) have the opposite effects on cholesterol crystallization in bile. Furthermore, APF and calcium binding protein affect cholesterol gallstone formation via precipitating cholesterol and calcium salts from the bile [37] . These proteins play a critical role in pathologic biomineralization and are involved in gallstone formation through the interaction between mucin and calcium-bound proteins [38] . In our study, we found that OPN could inhibit cholesterol nucleation as an anti-nucleating factor in human gallbladder bile, which was related to calcium. Previous reports showed that the content of OPN was decreased in bile of gallstone patients [39] , and these data indicated that OPN plays a role as an anti-nucleating factor.
Therefore, if pathogenic changes have not occurred, the relatively normal gallbladder and bile would maintain the balance at pathophysiological state, while OPN and the receptors would increase to prevent the gallstone formation. While the gallbladder develops irreversible pathological changes with damaged cellular structure and function, the secretion and absorption of biliary lipids would be affected; OPN and the subsequent biological effects would be down-regulated, leading to cholesterol gallstone formation [40] [41] [42] . Animal studies have also shown that the impaired gallbladder is a fundamental defect in gallstone formation and causes an imbalance of pro-and anti-nucleating effects [43] .
However, the dynamic expression and role of OPN in the pathological process of human gallstone formation is still unclear. In this study, we used a guinea pig model to investigate OPN expression during gallstone formation. Our results indicated that the OPN mRNA expression increased gradually in the gallbladder, and liver in lithogenic animals peaked at 6th week and then decreased slowly. Simultaneously, the Figure 4 . The mRNA expression of OPN in gallbladder and liver of guinea pigs: In lithogenic group, the highest level expression were found at week 6 (A). Moreover, the mRNA expression of OPN was detected in liver at week 6 only (B).
In the control group, the OPN mRNA expression was weak throughout the study. 
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OPN concentration in gallbladder bile and serum samples exhibited similar changes. These findings showed that gallbladder and liver might regulate OPN expression in gallbladder bile, and OPN exhibited different roles at different stage of gallstone formation. Thus, we hypothesize that OPN is involved in gallstone formation under the following mechanisms. At the initial stage, OPN prevents gallstone formation as an anti-nucleating factor. As the disease progress, the role of OPN is suppressed by certain pro-nucleating factors and/or that the effect of OPN is decreased, resulting in gallstone formation, which may be correlated with calcium and its receptor integrin av. This hypothesis should be validated in the future. Likewise, the change of OPN and integrin av might be a response of the gallbladder to the lithogenic state in order to prevent gallstone formation, and correlate with the inflammatory damage of the gallbladder and other factors.
conclusions
In summary, OPN is involved in gallstone formation, and the role of OPN correlates with integrin av and calcium. The definitive mechanism of OPN involved in gallstone formation should be further investigated using transgenic animal models and other molecular biological methods.
